Using firm-level data, we document two new facts regarding intrafirm trade and the activities of the foreign affiliates of U.S. multinational corporations. First, intrafirm trade is concentrated among a small number of large affiliates within large multinational corporations; the median affiliate ships nothing to the rest of the corporation. Second, we find that the input-output coefficient linking the parent's and affiliate's industries of operation -a characteristic commonly associated with production fragmentation -is not related to a corresponding intrafirm flow of goods.
Introduction
Over the last 30 years, the global fragmentation of production grew dramatically, as did the trade in final and intermediate goods that it entails. 1 Multinational corporations (MNC) are at the center of this phenomenon, as they account for the vast majority of trade across countries. An extensive literature has developed that studies the international trade that takes place within the multinational corporation as a means to better understand the underlying patterns of production fragmentation. 2 We add to this literature by documenting two new sets of facts on the intra-corporation trade of U.S. multinational corporations.
First, we show that, although intra-MNC trade represents an important fraction of aggregate U.S. exports and imports, the median manufacturing foreign affiliate ships nothing to -and receives nothing from -its parent in the United States. Intra-MNC trade is concentrated in a small group of large affiliates and large corporations: The largest five percent of affiliates accounts for around half of the total trade to and from the parent, while the largest five percent of corporations accounts for almost two thirds of total intra-MNC trade. This skewness is also observed within the corporation: Intra-MNC trade tends to be concentrated in a small number of an MNC's largest foreign affiliates.
The lack of intra-MNC cross-border trade that we find for foreign affiliates of U.S. multinationals is more surprising than the similar finding in Atalay et al. (2014) for intrafirm trade within the United States. Factor price differences -the theoretical motivation for vertical fragmentation and the intrafirm trade that accompanies it -are much larger across countries than across U.S. cities. In this regard, Brainard (1993) first documented the weak relationship between factor endowments and intra-MNC trade across borders.
The skewness of intra-MNC trade towards large affiliates and corporations in our first finding is reminiscent of the skewness in the distributions of other international activities. Manufacturing exports are concentrated in large firms (Bernard and Jensen, 1995) , and even larger firms own foreign affiliates . These patterns are consistent with theories of the firm that are based on economies of scale in production. In Grossman et al. (2006) , for example, the production of inputs for the entire multinational corporation is concentrated into a few large affiliates, 1 See Baldwin and Lopez-Gonzalez (2013) for a recent survey. 2 Working at the affiliate level, for example, Borga and Zeile (2004) , Hanson et al. (2005) , Feinberg and Keane (2006) , and Bilir et al. (2013) analyze the country-and industry-level determinants of intra-MNC trade. Carr et al. (2001) , Antras (2003) , Yeaple (2006) , Nunn and Trefler (2008) , Bernard et al. (2009), and Costinot et al. (2011) analyze intra-MNC trade using data aggregated to the country-industry level.
which exploit the strong economies of scale in production. Affiliates created to supply a foreign market -as an alternative to exporting, in order to avoid transportation costs -are relatively small. The model predicts that a small number of large affiliates ship goods within the corporation, while numerous smaller affiliates serve local markets. The concentration of intra-MNC trade in the largest firms is also consistent with the contract theory of the multinational firm proposed by Antras and Helpman (2004) : In their framework with heterogeneous firms, only the largest firms choose to integrate offshore activities.
Our second set of facts relates intra-MNC trade to the upstream and downstream links between the industries of the parent and affiliate, as defined by the U.S. input-output table. As previously shown in Alfaro and Charlton (2009) , we find that multinational corporations own affiliates in industries that are vertically linked to the parent's industry. The input-output coefficient between the affiliate's and the parent's industries of operation, however, is not related to the existence and the magnitude of the trade in goods between the two. These findings are similar to those in Atalay et al. (2014) , who study multi-establishment firms within the United States: The ownership of vertically linked affiliates is not related to the transfer of goods within the boundaries of the firm.
Our analysis is made possible by U.S. Bureau of Economic Analysis (BEA) data, in which each affiliate's sales are broken down by destination (the United States, the host country, or a third country) and by transaction type (the parent, another affiliate, or an unaffiliated party). The richness of the data allows us to identify production chains inside the boundaries of the MNC, but the data are unable to capture a vertical production chain once the intermediate goods leave the multinational corporation. We cannot capture, for example, MNC configurations that involve unrelated parties in some stages of production interacting with different affiliates of the same firm, possibly in different countries and industries. While the data have limitations, the BEA benchmark surveys offer the most complete description of multinational activity available, allowing us to characterize, in depth, several aspects of these global production chains.
The remainder of the paper is organized as follows. Sections 2 and 3 describe the data and broad patterns of intra-MNC trade, and section 4 analyzes the relationship between input-output links and intra-MNC trade. Section 5 concludes.
Data
Our firm-level data are collected by the U.S. Bureau of Economic Analysis for the purpose of producing aggregate statistics on the operations of multinational companies. 3 These data cover the universe of U.S. parents and their foreign affiliates in the benchmark year 2004.
Our sample consists of the majority-owned foreign affiliates (MOFAs: affiliates with parents that own more than 50 percent of the affiliate's voting stock or equivalent), that have sales, assets, or net income (loss) of more than $25 million, and that operate -and are owned by a parent that operates -in a manufacturing industry. The 4,901 affiliates in our MOFA25 sample account for almost 80 percent of total reported affiliate sales, 90 percent of total reported affiliate sales to the parent, and almost 80 percent of total reported parent exports to affiliates.
Two features of the BEA data, only available for the MOFA25 sample of affiliates, make our analysis possible. The first is a classification of affiliate sales broken down by transaction type.
In the data, an affiliate's sales can be directed to: (i) the parent; (ii) unaffiliated U.S. parties; (iii) local affiliates; (iv) local unaffiliated parties; (v) affiliated parties in neither the U.S. nor the host country (what we call third countries); and (vi) unaffiliated parties in third countries. These affiliates also report shipments received from their parents. 4 The second feature of the data is a breakdown of parents' and affiliates' sales in each of their seven largest industries, as classified by the International Surveys Industry (ISI) classification, which is roughly equivalent to the 2002 North American Industry Classification System (NAICS). We focus our baseline analysis on the affiliate's and parent's primary industries of operation, which are typically the industries with the largest shares of total sales. 5 There are 77 four-digit manufacturing industries in the the ISI classification. In our sample, affiliates are present in all 77 industries and parent firms are present in 74 industries.
Further details regarding the data and the sample construction are in online appendix A. 3 The other source of U.S. affiliated-party trade data is the U.S. Census Bureau's related-party trade database, which is based on transaction-level data at the country-industry level. Ruhl (2015) shows that the two datasets are broadly consistent at the aggregate level. 4 Both shipments from and to the parent refer to all goods. The sub-sample of affiliates with sales, assets, or net income (loss) of more than $150 millions (MOFA150) has to report shipments from the parent broken down by goods for resale and goods for further processing or assembly. As table A1 in the appendix shows, goods for processing accounts for more than 85 percent of the total goods shipped to the affiliate by the parent. A similar break-down by type of good is not available for shipments from the affiliate to the parent. 5 The median foreign affiliate operates in only one four-digit manufacturing industry, and the employment-weighted average share of its total sales accounted for by the primary industry is 0.92. The median parent operates in two industries, and the employment-weighted average share of its total sales accounted for by the primary industry is 0.74.
Patterns of Intra-MNC Trade
In our data, intra-MNC trade makes up the majority of affiliate exports: 70 percent of total affiliate sales made outside of the host country were directed to other affiliates within the corporation. This aggregate statistic, however, masks substantial heterogeneity across affiliates.
The Skewness of Intra-MNC Trade
Panel 1 in table 1 shows that while, on average, 27 percent of an affiliate's sales are to other parties within the corporation and seven percent are to the parent (column 1), the median affiliate reports only nine percent of its sales to be intra-MNC and reports no trade with its parent (column 3). 6 The corollary is that the majority of affiliates sell their output to unaffiliated parties: The median affiliate's shipments to unaffiliated parties accounts for 91 percent of its sales and consists mainly of sales in its country of operation (column 3). These statistics point to a very skewed distribution of the share of intra-MNC trade across affiliates: As column 5 shows, a small group of affiliates in the 95th percentile are devoted exclusively to shipping within the corporation, and an even smaller group engages in trade only with their parents.
In panel 2, we report shipments of goods from the parent to the foreign affiliate, as a share of the affiliate's total cost of goods sold (cogs). The median affiliate receives nothing from its parent (column 3), while affiliates in the 95th percentile receive 38 percent of their inputs from their parents (column 5), indicating that only a handful of affiliates receive most of their inputs from their parents. 7 In panel 3, rather than focusing on the affiliate as the unit of analysis, we aggregate the data to the corporation level to see -in an admittedly simple way -how intra-MNC trade varies across MNCs. For each MNC, we construct MNC-wide sales and intra-MNC sales by aggregating total sales and total shipments to related parties, respectively, of each foreign affiliate and the parent.
The patterns found for individual affiliates in panel 1 are also present at the corporation level: For the median corporation, intra-MNC sales account for six percent of total sales (column 3).
Figure 1 further describes the distribution of the share of intra-MNC trade in affiliate sales 6 Note that the median affiliate changes as we change the sorting variable. From now on, we refer to "the median affiliate" with the understanding that it is the median affiliate with respect to the variable being studied. 7 The group of affiliates located in the North American motor vehicles sector is often held up as an example of the importance of intrafirm trade. Indeed, the median shares of intra-MNC sales for this group are the highest across all industry and country groups (30, 18, and 2 percent for trade to all affiliated parties, to the parent, and from the parent, respectively -not shown). Even so, more than 50 percent of affiliates in this group sell more than 95 percent of their output to unaffiliated parties, while almost 10 percent of them direct more than 95 percent of their sales to affiliated parties (not shown).
across affiliates. Figure 1a shows the distribution of affiliates by their shares of sales to the parent and their shares of cogs received from their parents. Almost 80 percent of affiliates direct less than five percent of their sales to the parent -and receive a similar share of goods from it. Figure 1b shows the distribution of intra-MNC trade shares: About 55 percent of affiliates -and almost 70 percent of MNCs -sell less than ten percent of their output to affiliated parties, while about 10 percent of affiliates are almost exclusively dedicated to supplying other parties in the corporation.
The skewness of intra-MNC trade toward a few affiliates and a few corporations is clearly shown in figure 2: Five percent of affiliates account for 88 percent of affiliate-to-parent trade, 82 percent of parent-to-affiliate trade, and 75 percent of affiliate trade to other affiliates. In the opposite tail of the distribution, 50 percent of affiliates ship nothing to -and receive nothing from -their parents, while almost 25 percent ship nothing to any related party. The concentration is markedly less dramatic when we look at the corporation level. The five percent of corporations with the largest intra-MNC trade flows account for 23 percent of total intra-MNC trade, while the bottom 50 percent account for 9 percent of total intra-MNC trade.
Tables B1 and B2 in online appendix B report statistics by sector and geographic region.
The Role of Firm Size
We have documented that intra-MNC trade is concentrated in a small group of affiliates and corporations. Here, we explore the characteristics of those firms. In particular, we focus on the relationship between affiliate and corporation size and the presence and magnitude of intra-MNC sales. Columns 6-8 in table 1 report the average share of affiliate sales by destination for firms that are above the 50th, 75th, and 95th percentile of the employment size distribution. The average share of affiliate output sold within the corporation increases from 27 percent for the full sample to 36 percent for the firms above the 95th size percentile (columns 1 and 8 in panel 1). This largest five percent of affiliates accounts for 40 percent of all trade to affiliated parties and for about half of all shipments made to and from parents (not shown). A similar pattern, though with smaller quantitative differences, describes the importance of intra-MNC trade when aggregating to the MNC-wide level (columns 1 and 8 in panel 3). The largest five percent of corporations accounts for almost two thirds of total intra-MNC trade (not shown).
Next, we explore the relationship between firm size and intra-MNC trade more formally by analyzing the presence and magnitude of intra-MNC trade across affiliates and MNCs, while controlling for affiliate-industry and destination-country fixed effects, as well as MNC characteristics.
We estimate, by Ordinary Least Squares (OLS),
In (1), the dependent variable, D(X ij ), equals one if the corresponding intra-MNC trade flow is positive and zero otherwise. The specification in (2) considers only those affiliates with positive intrafirm trade. We analyze four types of intra-MNC trade: (i) for ij = ap, shipments from the affiliate to the parent as a share of the affiliate's total sales (X ap ); (ii) for ij = ac, shipments from the affiliate to any affiliated party as a share of the affiliate's total sales (X ac ); (iii) for ij = pa,
shipments from the parent to the affiliate as a share of the affiliate's cogs (X pa ); and (iv) for ij = cc, intra-MNC trade as a share of the MNC's total sales (X cc ).
The key regressor in both specifications is affiliate size, as measured by employment (emp a ).
The variable Z c is a vector of MNC characteristics (size of the parent, log emp p ; size of the corporation, log emp c ; and the number of foreign affiliates in the corporation, log N c ). We also include affiliate industry and affiliate destination country fixed effects, F x and F d , respectively. In some specifications, we replace the vector Z c with an MNC fixed effect. Table 2 reports the results. Larger affiliates are substantially more likely to ship goods toand from -the parent and to related parties (columns 1, 5, and 9). This result holds when we include corporation fixed effects: The largest affiliates in the corporation are more likely to trade within it (columns 2, 6, and 10). The intensive margin also increases with the affiliate's size when we consider flows from the affiliate to the parent: For larger affiliates, shipments to the parent represent a larger fraction of their sales. When shipments from the parent to the affiliate are considered (column 11), their share in the cost of goods sold by the affiliate decreases with the affiliate size and increases with the parent's size. Within the same MNC, smaller affiliates are also the ones for which goods shipped from the parent represent a larger share of the costs of goods sold (column 12). Finally, larger MNCs, in terms of number of foreign affiliates, have a higher likelihood (column 13) and higher share (column 14) of intra-MNC trade in total sales, and larger MNCs, in terms of employment, also have larger intra-MNC shares of sales. Even though larger corporations are typically headed by a larger parent firm, once we account for the size of the corporation, in terms of both the number of affiliates and aggregate employment, the size of the parent firm, in terms of employment, decreases the share of intra-MNC trade in total corporation sales.
Input-Output Links and Intra-MNC Trade
In the existing literature, country and industry characteristics have been used to explain the ob- The classical theory on the boundaries of the firm would predict that our measure -by indicating the existence of an affiliate (parent) in an industry that produces goods used as inputs by the parent's (affiliate's) industry -should signal the existence of shipments of goods between the affiliate to the parent. 10 Here, having data on both the affiliate's and parent's industries and on intra-MNC trade, we can test whether the purpose of owning I-O linked affiliates is the transfer of goods within the firm. Our data allow us to observe only firm characteristics for trade between parents and affiliates, so we restrict our analysis to these transactions.
In figure 3a , we summarize the characteristics of the direct requirements table, and in figure 3b, we plot the distribution of industry pairs for the parent-affiliate pairs in our data. The x-axis in figure 3a is the ISI code of the using (downstream) industry, and the y-axis is the ISI code of the producing (upstream) industry. In figure 3a , the bubble's size is proportional to the size of the direct requirements coefficient of the industry pair. In figure 3b , the bubble's size is proportional to the number of parent-affiliate observations in that industry pair. It is clear from figure 3a that most industries require inputs from similar industries: The entries in the direct requirements 
Let x be the primary industry of the affiliate, z be the primary industry of the parent, and d be the affiliate host country. We aggregate the firm-level data so that the unit of observation is a triplet, xzd, that refers to the affiliate's primary industry, the parent's primary industry, and the affiliate's country of operation. N xzd is the number of affiliates in the triplet, and D(N xzd ) is equal to one if we observe at least one affiliate in the triplet xzd and zero otherwise. F xd are affiliate industrydestination country fixed effects. We report the estimates of (3) and (4) Even though multinational corporations own affiliates that operate in industries with strong I-O links to their parents' industries, we are left with the question: Are input-output links associated with trade in goods between the parent and affiliate? We explore this question formally by 11 The average direct requirements coefficient in the I-O table is 0.005, and 49 percent of the industry pairs have a direct requirements coefficient equal to zero. In the parent-affiliate data, however, the average direct requirements coefficient jumps to 0.072 when we consider the parent to be upstream, and 0.069 when we consider the affiliate to be upstream. The share of parent-affiliate industry pairs whose direct requirements coefficient is zero is less than ten percent.
estimating (OLS)
The variable X ap is shipments from affiliate a to parent p, as a share of total affiliate sales, and D(X ap ) equals one if X ap > 0 and zero otherwise. Note that the direct requirements coefficient has the affiliate's industry in the upstream position. F d and F x are affiliate-industry and destinationcountry fixed effects, and in some specifications, we also include MNC fixed effects. We estimate an analogous set of equations for shipments from the parent to the affiliate, as a share of the affiliate's cogs, X pa , using the direct requirement coefficient with the affiliate's industry in the downstream position, dr zx . Note that the linear probability model provides a check that transfer pricing is not driving our results. Any measure of intra-MNC trade may be contaminated by the non-market prices used to value within-firm transactions. The concern is that if transfer prices are biased downward, this could bias our estimates of the intensive margin towards zero. The linear probability model avoids this issue since it is unlikely that a firm with positive intra-MNC trade could report zero trade.
We report the estimates from (5) and (6) 
Robustness
We now present two robustness tests of our results in table 3 -that I-O links between a parent's and an affiliate's industries do not predict the existence and the importance of trade between the two. 12
Off-Diagonal Industry Pairs. Industries are very heterogeneous in the direct requirements coefficient with itself, possibly reflecting I-O links between sub-industries. Affiliates and parents operating in the same ISI code could be producing an input for a downstream sub-industry that we do not observe due to the coarseness of the industry classification.
To confirm that our results are not driven by same-industry pairs, we estimate (5) and (6) including the interaction between the direct requirements coefficient and a dummy variable that equals one for observations in which the affiliate and the parent operate in the same (primary) industry, and equals zero otherwise. The robustness specification also tests whether trade between a parent and an affiliate operating in the same industry is larger for an industry with a larger direct requirements coefficient with itself. The coefficient on the interaction term represents this possibility.
Columns 1, 3, 5, and 7 in table 4 report the estimates of the augmented regression. The proba-bility of observing intra-MNC trade increases for parent and affiliate pairs operating in the same industry (columns 1 and 5). Again, we find that the I-O link between the parent and the affiliate is not a significant predictor of trade between the affiliate and the parent, neither on nor off the diagonal of the I-O table.
Alternative Measures of I-O Links. Our baseline I-O link measure is the direct requirements coefficient between the primary industries of the parent and the affiliate. As an alternative, we construct a measure of the I-O link between the parent and the affiliate that includes each party's seven most important industries of operation. We restrict the analysis to all four-digit industries in the manufacturing sector to compute a sales-weighted average of the direct requirements coefficients of all the possible combinations of parent and affiliate industries. Let P be the set of industries in which the parent operates, and let A be the set of industries in which the affiliate operates. Our new measure of the I-O link between the industries of the affiliate and of the parent, v ap and v pa , are:
where sales z a (sales z p ) is the affiliate's (parent's) sales in industry z. Columns 2, 4, 6, and 8 in table 4 report the estimates of (5) and (6) using these alternative measures of I-O links. The patterns found using this more comprehensive measure are the same as the ones observed in table 3.
Concluding Remarks
We have presented two sets of facts related to the cross-country fragmentation of production within the boundaries of the corporation. First, we find that intra-MNC trade in goods is not the typical activity of the median affiliate of U.S. multinationals; rather, within-firm trade is concentrated in the largest affiliates of MNCs. Second, the input-output relationship between the parent's and the affiliate's operating industries, a commonly used measure for vertical fragmentation, is not associated with the presence and magnitude of intra-MNC trade.
Our finding that there is little cross-country fragmentation of the production chain within the boundaries of the corporation raises a new set of questions to be explored in future research. Notes: In panel a, observations are at the affiliate level. In panel b, intra-MNC shipments is the sum over all of the foreign affiliates and the parent of the MNC, and shipments to all affiliated parties is total shipments from an affiliate to other parties in the MNC. In panel (a), the 55th percentile is the first non-zero entry for both parent-to-affiliate and affiliate-to-parent trade. In panel (b), the 25th (10th) percentile is the first non-zero entry for affiliate-affiliated-party (intra-MNC) trade. Notes: Panel a plots the residuals of log(N xzd ) and drxz, after projecting them onto the affiliate industry-destination fixed effects and drzx. Panel b plots the residuals of log(N xzd ) and drzx, after projecting them onto the affiliate industrydestination fixed effects and drxz. Panel c plots the residuals of log(Xap) and drxz, after projecting them onto the affiliate industry-destination fixed effects. Finally, panel d plots the residuals of log(Xpa) and drzx, after projecting them onto the affiliate industry-destination fixed effects. N xzd is the number of foreign affiliates in the triplet given by affiliate's industry x, parent's industry z, and destination country d. Xap is affiliate-to-parent trade as a share of affiliate's sales, and Xpa is parent-to-affiliate trade as a share of affiliate's cogs. drxz (resp. drxz) is the direct requirements coefficient from the affiliate's (resp. parent's) primary industry into the production of the parent's (resp. affiliate's) primary industry. Notes: The operator D(X) is equal to 1 if X > 0 and 0 otherwise. The dependent variable Xap is the share of affiliate a's total sales shipped to the parent, and Xpa is shipments from the parent as a share of affiliate a's cost of goods sold. drxz is the direct requirements coefficient from the affiliate's primary industry into the production of the parent's primary industry. drzx is the direct requirements coefficient from the parent's primary industry into the production of the affiliate's primary industry. I(x = z) is a dummy equal to one if the parent and the affiliate operate in the same primary industry. vap and vpa are defined in (7). Robust standard errors, clustered by MNC, are in parentheses. Levels of significance are denoted * * * p < 0.01, * * p < 0.05, and * p < 0.1.
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